Recent investigations suggest that genetic susceptibility to alcohol dependence may be conferred by GABA A receptor subunit genes. In this study, three RFLPs at the GABA A ␤2, GABA A ␣6, GABA A ␣1 and two at the GABA A ␥2 receptor subunit genes, were examined for association with alcohol dependence in 189 subjects meeting DSM-III-R criteria for this disorder and 152 unrelated controls from a Japanese population. The results demonstrated no association between the AlwNI RFLP at the GABA A ␣6 receptor subunit gene and alcohol dependence (P = 0.059). However, the NciI RFLP at the GABA A ␥2 receptor subunit gene was associated with alcohol dependence comorbid with antisocial personality disorder (P = 0.021). This supports a recent finding reporting an association between the GABA A ␥2 receptor subunit gene and alcohol dependence with criminal record in a Finnish population. Taking into account the effects of multiple comparisons, this result should be interpreted with caution pending replication. Molecular Psychiatry (2000) 5, 301-307.
Introduction
The major inhibitory neurotransmitter ␥-aminobutyric acid (GABA) acts at ligand gated chloride ion channels which are part of a superfamily that includes nicotinic receptors. 1 These receptors are considered to consist of hetero-oligomeric membrane spanning glycoproteins in which five subunits combine to form individual ion channel complexes. 2, 3 A role for the GABA receptor in ethanol action has been suggested by animal studies that have demonstrated the development of cross-tolerance between alcohol and both benzodiazepines (BZDs) and barbiturates (barbital and phenobarbital), which are modulators of the GABA A receptor. [4] [5] [6] [7] Furthermore BZDs are used clinically to treat the alcohol withdrawal syndrome. [8] [9] [10] and the GABA A ␤3 and GABA A ␣5 and GABA A ␥3 gene cluster on 15q11-q13. 13 The study also tested genetic markers at 5q34 where a cluster of GABA receptor subunit genes are localised, including the GABA A ␤2, GABA A ␣6, GABA A ␣1 and GABA A ␥2, however the results did not suggest a relation to alcohol dependence. 11 The autosome-wide linkage study performed by Long et al in an American Indian population identified two loci for alcohol dependence on human chromosome 4 and 11; a LOD score of 2.8 being reported with the marker D4S3242 on chromosome 4 near the GABA A ␤1 receptor subunit gene. 14 The chromosome 15 GABA A receptor subunit gene cluster was also implicated in a genetic association study in which the GABA A ␤3 receptor subunit gene was associated with alcohol dependence by Noble et al. 15 Thus, the findings of Noble et al 14 and Long et al 15 provide further support for the two loci identified by Reich et al that contain two clusters of GABA A receptor subunit genes.
Three genetic association studies have reported associations between the GABA A receptor subunit genes on 5q33-34 and alcohol dependence. Associations between alcohol dependence and the GABA A ␤2 and the GABA A ␣6 receptor subunit genes, were found in a Scottish population; haplotype analysis suggested that the effects of these genes may be stronger among alcohol-dependent subjects with Korsakoff's psychosis. 16 Sander et al reported an association between
an AlwNI RFLP at the GABA A ␣6 subunit gene and alcohol dependence with comorbid antisocial personality disorder. 17 Finally Schuckit et al 18 reported an association between alcohol dependence and a functional genetic polymorphism at the GABA A ␣6 subunit gene.
Genetic studies have reported conflict findings, for example, the role of the DRD2 receptor gene in the development of alcohol dependence. The conflicts may occur because of variation in: (1) genotype distribution from one population to another 19, 20 and (2) clinical phenotypes of alcohol-dependent subjects used in the studies. 21 We therefore explored the similarities and possible differences in the contribution of the four GABA A receptor subunit genes on 5q33-34, in the development of alcohol dependence, and clinical subtypes, in a Japanese population. To this end we examined the allelic distributions of the genetic polymorphisms at the GABA A ␤2, GABA A ␣6, GABA A ␣1 and GABA A ␥2 receptor subunit genes in alcohol-dependent and control subjects recruited from a Japanese population.
Materials and methods

Subjects
One hundred and eighty-nine alcohol-dependent subjects of Japanese origin (171 males, 18 females) were recruited. Diagnoses of alcohol dependence and antisocial personality disorder were based on the Structured Clinical Interview for DSM-III-R. 22 One alcoholdependent subject was excluded from the analysis of alcohol dependence subtypes because his status was unknown. The age of the patients ranged from 24 to 68 years with an average of 46.7 ± 9.7 (mean ± SD). The age of onset of alcohol dependence was used to classify patients by Cloninger's Criteria, ie, early onset Յ25 years and late onset Ն26 years. [23] [24] [25] The control sample consisted of 152 unrelated Japanese subjects (130 males, 22 females), none of whom had a history of alcoholism, drug dependence or liver disease. The age of the controls ranged from 22 to 73 years with an average of 42.0 ± 11.1.
Most of the subjects (95%) came from the Metropolitan Tokyo and adjoining areas where a quarter of the Japanese population live. The Japanese population is highly homogeneous and more than 99% are of Japanese origin.
This research was approved by the Ethics Committee of the Bethlem Royal Hospital and the Maudsley Hospital, London, UK and the National Institute on Alcoholism, Kurihama National Hospital, KanagawaKen, Japan. The purpose of the research was fully explained and informed consent was obtained from every subject recruited.
Genotyping
Five RFLPs at the GABA A ␤2, GABA A ␣6, GABA A ␥2 receptor subunit genes were used in this studies. These include the BanI RFLP at the GABA A ␤2, the AlwNI RFLP at the GABA A ␣6 and the artificial NciI FFLP at the GABA A ␥2 receptor genes 16, 17, 26 and two novel genetic markers, namely the BamHI RFLP at the GABA A ␥2 and the AvaII RFLP at the GABA A ␣1 receptor subunit genes. The details of the novel genetic polymorphisms are described below.
Novel AvaII RFLP at the GABA A ␣1 receptor subunit gene Forward exonic primer, 5Ј-GC TAT GGA TTG GTT TAT TGC CGT GTG-3Ј and reverse intronic primer, 5Ј-AAT GTT TGC CTT CCT GAC TCT CCT TT-3Ј, were used to amplify a specific region of 337 bp from nucleotide 1148 in the exon 27 to nucleotide 237 in the last intron (sequence data to be submitted) of the GABA A ␣1 receptor subunit gene. The 30-l PCR contained PCR buffer, 2.5 mM MgCl 2 , 0.125 mM dNTPs (Promega, Madison, WI, USA), 30 pmol of each primer, 1 unit of DNA Taq polymerase (Promega) and 25 ng of genomic DNA. After an initial 3 min denaturation at 95°C, there followed 40 cycles of 95°C (20 s), 55°C (30 s) and 72°C (40 s) with a final extension of 10 min at 72°C. Cold SSCP was performed by denaturing 10 l of the PCR product as described elsewhere 28 and assayed on a 20 × 20 × 0.08 cm non-denaturing polyacrylamide gel (10%, 49:1 & ෂ2% glycerol) at 240 V, 4-6°C for 5-6 h, stained by ethidium bromide and visualized by UV transillumination. The polymorphism was characterized by DNA sequencing, using an ABI-377 sequencer (Perkin-Elmer, Norwalk, CT, USA). An A→G point substitution 15 bp away from the exon/intron junction was identified in the last intron of the GABA A ␣1 gene. An artificial AvaII RFLP was developed using a sequence modified reverse primer (nucleotide 21 was modified from T to G, underlined), 5Ј-ATA ATA TTG ATG TAC TAC AGG GAC-3Ј and the forward primer. The same PCR conditions were used to amplify a 165-bp fragment. The AvaII restriction enzyme digests both G ȫ GTCC and G ȫ GACC. If the nucleotide 15 of the last intron of the GABA A ␣1 is G (G ȫ GTCC), the restriction enzyme cuts the 165-bp fragment into two fragments of 141 and 24 bp. If the nucleotide 15 is an A (AGTCC), the PCR fragment remains uncut. The gel image of the AvaII RFLP is shown in Figure 1 .
Novel BamHI RFLP at the GABA A ␥2 receptor subunit gene Two flanking primers within the GABA A ␥2 receptor subunit gene, 5Ј-AAA GAT AAA AAG AAG AAA AAC CCT-3Ј (exonic) 29 and 5Ј-CAC AGA AAA TAG AAA CAG ACT TGA-3Ј (intronic), 26 were used to amplify a 224-bp fragment, using the PCR buffer as described above. After an initial 3 min denaturation at 95°C, there followed 40 cycles of 95°C (30 s), 50°C (30 s) and 72°C (40 s) with a final extension of 10 min at 72°C. In a similar fashion, an A →C variant, located at nucleotide 123, 26 was identified in the intron, upstream of the 24-bp exon of the GABA A ␥2 receptor subunit gene. This generates a BamHI (G ȫ GATC ȫ C) RFLP assay. If the A allele is present, the 224-bp PCR fragment cuts and two fragments of 103 bp and 99 bp are created, as shown in Figure 2 . -tests for the comparison of allelic distributions. All alcoholics: all alcohol-dependent subjects. Non-ASP: alcohol-dependent subjects without comorbid antisocial personality disorder. ASP: alcohol-dependent subjects comorbid with antisocial personality disorder.
Statistics
The 2 test was used to compare allelic frequencies and the odds ratios were calculated according to Woolf's method. 30 Haplotyping by the EH program 31 was used to estimate the linkage disequilibrium between the genetic markers. The analyses are presented with and without Bonferroni adjustments.
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Results
Genotype frequencies for each genetic marker in the alcohol-dependent and control subjects did not deviate from that expected according to the Hardy-Weinberg principle.
The EH program showed no linkage disequilibrium between the BanI RFLP and AlwNI RFLP (P = 0.3652), the AvaII RFLP and BamHI RFLP (P = 0.5023) and the AvaII RFLP and NciI RFLP (P = 0.6242). Evidence of linkage disequilibrium was found between the AlwNI RFLP and AvaII RFLP (P = 5.4 × 10 −7 ), and between the BamHI RFLP and NciI RFLP (P = 1.1 × 10 −7 ). These results are summarised in Figure 3 .
Allelic distribution
The results are summarised in Table 1 . There was no significant difference in the allelic distribution between the alcohol-dependent and control subjects, though there was a non-significant trend in the allelic distribution difference of the AlwNI RFLP between the two groups (P = 0.059). No association was found between age of onset and each of the RFLPs (data not shown) in the alcohol-dependent subjects. Further stratification by comorbidity of antisocial personality disorder demonstrated an association between the NciI RFLP at the GABA A ␥2 receptor gene and alcoholdependent subjects comorbid with antisocial personality disorder, when compared with control subjects (P = 0.021). However, when corrected by Bonferroni adjustments (original type I error rate divided by 20, ie, 0.0025), the P value was no longer significant. The 20 tests included: (i) 15 comparisons of each genetic marker between the entire sample of alcohol dependence and controls, the alcohol-dependent subjects comorbid with antisocial personality disorder and controls and the alcohol-dependent subjects without antisocial personality disorder and controls; (ii) five tests for each genetic marker with age of onset.
Discussion
Linkage disequilibrium between the two RFLPs at the GABA A ␣6 and GABA A ␣1 receptor subunit genes supports the findings of Kostrzewa et al, 32 Russek 33 and Bailey et al 34 that these two receptor subunit genes are located close together while the GABA A ␤2 and GABA A ␥2 receptor genes are further from them. In addition, there was no evidence of linkage disequilibrium between the RFLPs at the GABA A ␤2 and GABA A ␥2 receptor genes. Our data support the study of Russek et al that the ␣ subunit genes originate from the duplication of one ␣ gene in a ␤-␣-␥ cluster and they are adjacent. 33 Our association results did not reach the threshold of significance (P = 0.05) for any of the RFLPs at the GABA A ␤2, GABA A ␣6, GABA A ␣1 and GABA A ␥2 receptor subunit genes, and therefore we were unable to provide support for a role in the predisposition to alcohol dependence in this population. However, it is worth noticing that there was a non-significant trend of association between the AlwNI RFLP (at the 3Ј-end noncoding region of the GABA A ␣6 receptor subunit gene) and alcohol dependence (P = 0.059). The allelic distribution of AlwNI RFLP in the Japanese population is similar to that reported in the German and Scottish populations, with increased frequency of T-allele in alcohol-dependent subjects. The AlwNI RFLP was associated with alcohol dependence comorbid with antisocial personality disorder in the German population; this RFLP was also found to be associated with alcohol dependence and alcohol dependence with Korsakoff's psychosis in the Scottish population. More- Figure 3 Estimation of linkage disequilibrium between the genetic markers. The data of intergenic distances were from Russek's study. 33 Dash lines indicate no linkage disequilibrium while solid lines indicate linkage disequilibrium between the genetic markers. P values are indicated upon the solid lines and at the right of dash lines. Gene location of each genetic marker is indicated in parentheses. The order of the genes are aligned according to Russek, 33 Bailey et al, 34 which is ␤2-␣6/␣1-␥2, from centromere (left) to telomere (right).
over, we found an association between the NciI RFLP at the GABA A ␥2 receptor subunit gene and alcohol dependence with comorbid antisocial personality disorder (P = 0.021) in the current study. Recently, a short abstract posted during a conference also reported an association between alcohol dependence with a criminal record and the GABA A ␥2 receptor subunit gene. 35 Further communication with the authors confirmed that the genetic marker in their study is the NciI RFLP used in our study. However, taking into account the multiple comparisons (20 tests) performed in our study, a more stringent type I error rate should be set (0.0025) and therefore the NciI RFLP association should be interpreted with caution. An earlier study of Hsu et al 36 examined the genotype distributions of the NciI RFLP between a sample of alcohol-dependent and control subjects among aboriginal groups and Han Chinese in Taiwan, without considering comorbid antisocial personality disorder. The study did not reveal any evidence of association between the NciI RFLP and alcohol dependence. By using non-parametric sib-pair method, the COGA study by Reich et al reported no evidence of linkage on 5q33-34 region with alcohol dependence. 11 Whilst linkage approaches are systematic they are not sufficiently powerful to detect multiple genes of small effect. In contrast, allelic association is powerful but methods to apply it systematically are still in the development phase. Thus it is possible that genes of the 5q33-34 cluster have an important role in the predisposition to alcohol dependence despite negative linkage findings in this region.
Multiple comparisons increase the risk of false positive findings, however the correction of P values should be balanced against the hazards of inflating false negatives. The advantages and disadvantages of the adjustment of the type I error is a matter of debate among geneticists. 37, 38 Recent typology studies suggest a way of reducing Molecular Psychiatry etiological heterogeneity. An adoption study reported by Cloninger et al identified two forms of alcohol dependence that have distinct genetic and environmental causes and differ in their association with criminality, severity of alcohol abuse and the frequency of expression in biological mothers. 24 The two subtypes are described as 'milieu-limited' (type-I) and 'male-limited' (type-II). Those with the type-I alcohol dependence have a later onset of alcohol problems, show psychological rather than physical dependence, and experience guilt feelings about their alcohol use. In contrast, type-II alcoholics manifest alcohol problems at an early age, exhibit spontaneous alcohol-seeking behaviour and are more socially disruptive when drinking. These findings stress the importance of subclassifying patients with the alcohol dependence when determining the possible roles and functions of alcohol dependence-related genes. In addition to Cloninger et al, 24 several clinical investigators have also deduced typologies for alcohol dependence, for example Babor et al 39 identified two types of alcoholics who differ consistently across 17 defined characteristics. Although familial alcoholism was included as one of the criteria, the typology did not imply a genetic loading, as does the classification of Cloninger. In 1996, the Stockholm Adoption Study 40 based on Cloninger's typology, reported that the lifetime risk of severe alcoholism was increased four-fold in adopted men with risk factors characteristic of type 1 alcoholism (adult onset and rapid progression of dependence without criminality) (11.4% vs 3.0%). Neither genetic nor environmental risk factors for type 1 alcoholism by themselves were sufficient to cause alcoholism. In contrast, the risk of type 2 alcoholism (teenage onset of recurrent social and legal problems from alcohol abuse) was increased six-fold in adopted sons with a type 2 genetic background compared with type 1, regardless of their postnatal environment (10.7% vs 2.0%). 40 These findings indicate that age of onset and antisocial behavior, represent two major characteristics susceptible to genetic components.
Antisocial personality disorder represents a major comorbid condition in alcohol dependence. Estimates of comorbidity with antisocial personality disorder in alcohol dependence within clinical settings have varied from 3% to 30%, depending on the predominant characteristics of the populations being sampled. 41 As alcohol dependence comorbid with antisocial personality disorder may have a different genetic background and loading, it may be wise to study this group independently. Our findings support that the GABA A ␥2 receptor subunit gene is associated with alcohol dependence comorbid with antisocial personality disorder, which may be resemble Cloninger's type II.
Conclusion
In this study there was no significant association between the AlwNI RFLP at the GABA A ␣6 receptor subunit gene and alcohol dependence (P = 0.059) as previously reported in Scottish and German populations. 16, 17 However, an association between the NciI RFLP at the GABA A ␥2 receptor subunit gene and alcohol dependence comorbid with antisocial personality disorder was identified (P = 0.021). This particular phenotype may resemble type II alcohol dependence in the Japanese population. This study supports a previous finding that the GABA A ␥2 receptor subunit gene was associated with alcohol dependence with criminal record in a Finnish population. 35 Taking into account the effects of multiple comparisons this result should be interpreted with caution. Further studies are required to support or refute these findings.
